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Figure 7: Repeti ion of the spectra for progressive scan (50Hz/575 lines)

if effective SNR in cam era operation is to be considered (after gamma and aperture
correction), it leads to able 1, performed on HDTV 1125 lines cameras [8].

Image Device Tube CCD
Scanning system Interlace | Progressive | Interlace | Progressive
Signal bandwidth (M}iz) 30 60 30 60
Nominal SNR (dB) 47 38 around 50 41-47
Effective SNR in camera operation (dB) 34-38 25-29 37-40 29-37

Table 1: FHective SNR estimate of 1125 lines HDTV camera

It can be observed hov the technological gap between interlaced and progressive is
considerably reduced pissing from tube to CCD. Moreover, although in a first period
mostly interlaced cameras have been developed, an interesting recent realization [9]
shows that the specific design of a CCD video camera for progressive scanning allows
to increase significantly its performances, with a cost comparable to that of interlaced.
In particular this realization is a 525 lines 1:1 16:9 camera that employs a new image-
cadture system called . {ultiple- Frame-Interline- Transfer (M-FIT). The M-FIT CCD is
a different design for th: storage-cell and for the signal transfer mechanism between the

12




photo diode and the stc rage-area, which leads to a dynamic range twice as large as that
of a conventional devic., owing to the use of the M-FIT CCD for progressive scanning
wish similar performan -es as conventional CCD for interlaced one.

Depending on the camera technology which is used, i.e. tube or CCD, the motion ren-
dition of moving objec's may also differ [11]. Figure 8 shows the motion rendition of

a disk moving at const:.nt velocity (horizontal and vertical motions) across the field of
view, as shot by the dif’erent camera types.

(a) Progressive (b) Progressive (c) Interlaced
frame-transfe r CCD line-transfer CCD tube-type camera
or progressive

tube-type camera

Fizure 8: Motion rendition of a moving disk

As illustrated, using a progressive frame-transfer CCD camera allows to shot frames like
a photograph. This improves the picture display, especially when there is a need for
displaying slow motion »r still picture. Tube scanning (interlaced as well as progressive)
or line-transfer CCDs s iffer from distorsions due to the movement of the object during
the capture of the image.

Apart from video-cameras an important source of motion picture material for future
television is constitutec by films. Film is a medium that will never suffer of any back-
ward compatibility prcblem because its recording quality is the highest possible, it
can be considered as «n extremely high-band RGB. The importance of the archives
maintained by the cine natographer companies is considerable (Hollywood studios and
production community dispose of the largest library of motion pictures in the world),
so it is not negligible t; study how to optimally convert this source material into dig-
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ital data. If we do not consider the debate on optimal resclution and RGB-to-YUV
conversion, it is genera ly agreed that a 25Hz (24Hz) progressive scanning is the base
condition. Compatibility with existing interlaced TV sets is therefore guaranteed by use
of frame-repetition (as n the MPEG2 case). This repetition does not produce evident
motion jerking effects, « ue to a series of technical tricks used when filming with a cine-
camera, that otherwise could occur if a 25Hz video-sequence is converted to 50Hz by

simple frame or field re;-etition without considering temporal aspects (like the exposure
time for example).

Thus, from the source >oint of view, progressive scanning is the best candidate when
film materials are used and the latest technological progress allow video progressive
CCD cameras to be used with the same quality as interlaced ones.

5 Signal Processing Aspects

Tt.e second item inside he Recommendation on scanning formats [12] states that a pro-
gressive scanning make: most signal processing operations much easier than interlaced
scanning, e.g. vertical f ltering, interpolation and decimation, slow motion, still picture
display, multi-resolutior analysis, hierarchical coding and pre-display processing. The
most common commen! to this affirmation is that this operations are apparently easier,
but since all the syster s must work with a doubled clock frequency and with higher
memory usage, the real complexity is greater and not lower for progressive.

In this section the mos: important signal processing operations commonly applied to
the video signal are examined, focusing the attention on scanning format requirements
and evaluating their cornplexity impact in a proper scenario where it is above all distin-
guished between services to be realised at the broadcasting side (slow motion, chroma-
keying), at the receiver ide (still picture, interoperability) or at both sides with different
complexity and quality (format aspect and frame rate conversions). The first couple of
signal processing opera ions which merits to be considered regards logically the mutual
scan conversion in orde to evaluate their complexity.

5.1 Deinterlacing / Reinterlacing

Compatibility between nterlaced and progressive can be achieved only if the conversion
algorithms can guarant e a sufficient picture quality at a moderate cost. It is generally
known that deinterlacii g is more complex than reinterlacing because new information
not present in the inpu data must be created.

The results of Race TR.ANSIT works (recently come to conclusion), can be used to state
these debates [13]. They prove that a satisfactory progressive to interlaced conversion
is achievable through s vertical low-pass filter, characterized by a frequency response
accurately designed anc well-reproducing the one of a real interlaced camera (Kell fac-
tor), followed by a verical subsampling with different phase for the two fields. This
study on the filter shap has produced various good filters well tested in literature, such
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as the 11-tap known as HHI filter.

Cn the contrary, in o der to reach a comparable quality in the interlaced to progres-
sive conversion it is ¢ ear that a sophisticated technique, based on a combination of
motion analysis and s atial interpolation, is needed. Moreover, the motion estimation
algorithm is usually s pecifically designed to this aim, since classical block-matching
irplemented for codirg purposes does not fit the specific constraints. Subjective as-
sessments have been prrformed based on test-sequences and the evaluation of the scores
shows a significant ga; between the motion compensated deinterlacing algorithms and
the other solutions (I« w-cost linear interpolations). The utilization of such complex
techniques at the rece ver side, i.e. after the decoding of the interlaced bit streams,
does not seem realistic today and it would be surely of interest to pursue studies on ef-
fective low-cost solutic 1s, possibly making use of standard MPEG?2 motion information.

The HAMLET Extens on on Scanning Formats intends to investigate the possible ad-
vantages of using a p-ogressive format as an intermediate format for the coding of
interlaced images. Un ke TRANSIT development, HAMLET deinterlacer is meant to
be placed upstream th: coder. In order to get the best coding efficiency, a particular
attention must be paic to the quality of the reconstruction of the progressive sequence
from the interlaced in»>ut. The deinterlaced sequence has to represent the "analog”
scene hidden behind t! e interiaced input as well as possible. In other words, the fields
added to the interiace: sequence for converting into progressive must be spatially and
temporally coherent w: h the already existing fields. In particular, the calculation of the
motion vectors must be finely tuned and a method allowing a perfect reconstruction has
to be found. The analy sis inside HAMLET will be based on the general sampling theory

wiich was proposed r+ ently to handle interlaced images and proved to be successful
(14, 15].

5.2 Filtering

Vertical filtering is intr nsically more effective for signal sampled on a progressive grid,
both in terms of compiaxity and final results.

If the interlaced filterirg is performed intraframe, although two frames have to be pro-
cessed for progressive : t the time of only one for interlaced, adjacent vertical pels are
available with a delay ¢f 20 ms, and all the process could be executed in real-time at the
same speed as progress ve. Moreover, filtering two fields merged produces ghost-effects
and motion judder in | resence of motion.

If the interlaced filterin;; is intrafield the process could be sped-up, but two more sophis-
ticated filters have to t e designed (phase linear/not linear, phase shifting) and results
arz degraded in presen e of critical patterns (near horizontal moving lines) producing
annoying artefacts. Note that this second solution is currently employed with effec-
tiveness inside the 4:2:: — 4:2:0 MPEG2 pre-processing but in this case the filtering is
applied on the much less critical chrominance components. The same conversion for a
progressive MPEG2 en :oder, usually requires a trivial 3-tap filter (so faster to be im-
plemented than the tw classic 7-tap FIR of interlaced) and offers better performances

15



of almost 1 dB.

5.3 Multi-resolution analysis - HDTV/TYV scalability

Multi-resolution processing of video signals could be historically divided in two great
domains: frequency sczlable and spatial scalable techniques. In the former the down-
ward conversion HDT'-TV is performed in the frequency domain (subband, DCT)
through a proper selection of a sub-pattern of spectral coefficients, while the latter
provides conversion by FIR filtering (vertical or vertical/temporal). Within MPEG2
scalable profiles, the spatial scalability is the only scalability feature accepted by the
standard where picture spatial resolution is involved. Frequency scalability, although
deeply considered durir g the preparatory working years of the expert group, has been
discarded at the end, m ainly because interlaced performs poorly in terms of separation
of the vertical frequencies. The encoded MPEG2 signal can produce a decoded lower
layer with high quality (apart from drift problems) from the simplest data partitioning
operation (e.g. the sele:tion of the lowest transmitted coefficients), only effective with
progressive scanning. \{oreover, an intermediate progressive step is often considered in
interlaced-to-interlaced conversion, as actually recommended inside the specifications of
a spatial scalable MPE 32 decoder when processing the lower layer to build the spatial
prediction for the higher layer [16]. Other studies [17] pointed out the clear theoretical
advantages of progressi se sampling lattice in scalable applications and suggest that the

transmission of the onl/ progressive signal could guarantee a good compatibility with
bath HDTV and TV receiving systems.

5.4 Slow Motion

Slow motion can be regarded as a conversion to a higher frame rate (see the subsection
5.7). The increased frame rate is displayed at the same original frame rate, thus slow-
ing down the action. ('onventionally, slow motion replay has been achieved by simple
field repetition, process that gives rise to undesirable jerky motion effects. To overcome
these problems high-quality slow motion algorithms recently projected [18, 19] are all
based on high-quality deinterlacer, specifically projected or adapted to this purpose.
Typically the whole p:ocess is a cascade of such deinterlacer followed by a temporal
interpolation, where tte number of intermediate interpolated pictures depends on the
desired target frame-rate. This application is considered as a broadcast service because
in a short scenario it will take the place of dedicated cameras currently used especially
for sport applications. 'n the future, it may become available as an add-on TV domestic
feature.

5.5 Chroma-keyig

Digital chroma-keying is intended to replace the historical analog process based on the
use of the blue compoient to separate elements from a scene. Basically good perfor-
mances in isolating ob ects from an image to overlap it on another are achievable only
through good region a- d contour detection, surely easier in progressive scanned picture
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than in blurred (since f eld-merged) interlaced picture. Within the researches currently
under development always progressive reference material is considered.

5.6 Aspect Ratio Conversion

Aspect ratio conversior can be used both at the transmitter and receiver sides. Typi-
cally, it concerns the cinversion between 4/3 and 16/9 formats. Probably digital tele-
vision will start in 16/¢, so the problem of compatibility with 4/3 material is real. The
re-sampling is essential y a filtering problem (pure horizontal, pure vertical or mixed),
where above considerat ons on vertical filter and scanning format are valid.

5.7 Frame Rate ( onversion

This conversion can be :sed at both transmitter and receiver sides. It primarily concerns
conversions between :

1. 50Hz/59.94Hz/60 1z : compatibility between European/Japanese and American
standards.

2. 50Hz/100Hz : a m eans to improve video domestic quality still using an interlaced
TV screen, so sav ng compatibility; due to this advantage it has already found a
place in the mark t. Some upgrades to the pure intra algorithms, making use of
motion estimation are already available. This new solution [20] is provided by the
cascade of a deintzrlacer, a temporal interpolator and a reinterlacer, in order to
obtain an interlaced 100Hz sequence where only every fourth picture is an original.

The complexity of the algorithm presently fits better with studio or broadcasting
application.

3. 50Hz/72Hz : worlstations and PC monitors often work at the frequency of 72Hz
because these disjlays are viewed from a much closer distance than TV set and
so a higher fame ate is considered necessary to eliminate any visible flicker. In
the framework of windows containing video, this conversion problem copes with
interoperability be tween digital television and multimedia.

5.8 Still Picture

If the picture to be disjlayed in still-mode is progressive, this process is automatic and
reduces to an editing problem. If the incoming signal is interlaced an interpolation is
logically needed. The quality of the deinterlacing algorithm is in this case more critical
because artefacts are a:tually clearer than what can appear in motion. Even more if
the purpose is to grab - he image and record it as already possible nowadays with some
multimedia software.
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5.9 Interoperability with Multimedia

The mere fact that video and audio data is in a digital form is itself a form of interop-
erability. This is already a significant improved step compared to analog. Compliance
with international stand: rdization rules is the second condition of bit stream interop-
erability. Another more complex issue is whether the transport that is suitable for
consumer application is @ lso suitable for computer workstation applications. The Plan-
ning Sub-committee Wo:king Party-4 of the FCC Advisory Committee for Advanced
Television Services [21] ' as identified several key-requirements for interoperability in

the US ATV system. A out display issues, the choice of a progressive scanning was
considered as relevant (FS/WP4 Rec.3).

The objective usually czlled "HDTV on computer workstations” or "multimedia TV
terminals” is achievable ‘hrough video processor modules able to resize the input sig-
nal, convert it into a wiidow, locate it and overlapped it with computer graphics or

other video windows. In .he resize process a deinterlacer step is always present to main-
tain good quality.

6 Coding Aspe:ts and Future Work inside the HAMLET
Scanning Extension (WP2)

When working with digi al video, digital image compression has to be performed in or-
der to transmit the data with a reasonable bit rate. Since compression is performed, the
picture quality is no longer directly linked to the resolution of the picture {(in number of
pels) but depends on ho s compression is achieved (however, the picture resolution gives
an upper limit to obtainable picture quality). Considering a compression like MPEG?2,
piciure quality may var, according to the output bit rate, the quality of the motion
est:mation and the scan ing format used within the coder.

Coding moving interlace d pictures as merged fields exhibits "combing” due to the tem-
poral offset between sc..nning the first and the second field. This effect generates a
rarge of high frequency DCT coefficients when frame blocks are coded and increases
the number of bits that are required to transmit the block. To get round the combing
problem, MPEG-2 can se field DCT modes which transform the two fields separately,
based on an inter field notion compensation. However, the increased spatial distance
between field lines mak: field DCT mode less efficient than frame DCT modes when
combing is absent. Furtfer, the increased temporal spacing between fields of same par-
ity degrades the quality of the coders motion-compensated prediction and augments the
number of bits required to send the predictor error signal [22, 23]. Also, the existence of
field aliasing make the esearch of the true motion vectors between fields more difficult
[2¢]. The absence of combing in progressive pictures increases the correlation between
pixels within a block, which concentrates the blocks energy into fewer DCT coefficients
when transformed, and ‘onsequently lowers the transmission bit rate. The disadvantage
of progressive formats ompared to interlaced is the increased pel rate. The question
is whether the improve nents in bit rate reduction efficiency due to progressive coding
can overcome the incre ised pel rate.
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From the point of viev of a theoretical analysis of the source coding efficiency of inter-
laced and progressive ormat, the first step is the design of a reliable model of both the
video signal and the c>ding process. This aim is achievable only under some assump-
tions and constraints. Such models can be found in the literature as in [25] where they
are built up and studi:d, and in [26] for a compared analysis. Briefly, the former is a
study intending to get more insight in the nature (and the intrinsic limits) of interlaced
signal, developed main y in the Fourier domain and based on the following assumptions:
spatially band limited scene characterized by global motion and directly sampled on a
quincunx vertical/tem roral grid; the latter work, assuming an ideal Nyquist progressive
sampling (the interlactd sequence derives by subsampling), adopts a specific model for
the source sequence, a stationary Gauss-Process with isotropic PSD. The first commeon
stage is the Intra anaivsis. In [25] the intrafield processing gives evidence to the two
alias terms in each fiel I's spectrum, with opposite sign, which disappear in intraframe
case when no-motion htween the two fields occurs. In [26] the intrafield interlaced cod-
ing is compared with I: traframe progressive coding by means of Rate/Distortion curves
obtained through the sodel, and showing better performances for interlaced. Moving
to interframe motion « smpensated processing (hybrid coding), both the models allow
to enhanes the intrins ¢ constraints of interlaced representation for both the motion
estimation and the me ion compensated interpolation. In [25] the inherent advantages

of the interfield same | irity motion compensation. rather than opposite parity are also
proved.

The MPEG-2 coding v ference model accepts both interlaced and progressive pictures,
but only the 23Hz/625 lines 1:l format couforms to MPQML, while decoding the
30Hz/625 lines 1:1 fort at presently requires the much more expensive H1440L designed
for the HOTV. This is  real gap for progressive in the framework of an evaluation made
upon a realistic scenar: 1. and o this aim in {12] is suggested to define an intermediate
\MPEG level compatibl with the 30Hz/625 lines progressive format. However, as done
for all this paper, for ti e future work, we will consider a progressive format with a con-
veational double numb- : of pel. 1.e. o double amount of information. And about coding,
tue aim ol the simulati ns is to test the capacity o use efficiently the increased spatial
and temporal correlaticn present inside statistic data available after a progressive sam-
pling. [t is to be consic=red however that, since taie MPEG?2 was mainly developed for
interlaced and used wit 1 interlaced material as reference, it contains some mechanisms
like the frame/field cheice for the prediction and for the DCT transform which allow
to subdue its intrinsic :onstraints. The MPEG2 Draft Recommendation leaves some
degrees of freedom in he project of the encoder, so a wide range of them has been
developed and tested d: ring the last two years, starting from the TM4 reference model.
Inside HAMLET/WP?2 and in collaboration with the parallel research on the hardware
carried on inside the W 25, a software codec has been developed by HAMLET partners
and it is presently unde modifications and optimizations to best cope with progressive.
In fact many algorithm ¢ simplifications are possible for an MPEG2 encoded designed
on purpose for progres:ive signal: no need to choose between frame/field in picture

type, in macroblock pre¢diction and in block DCT transform, but also in the hierarchi-
cal motion estimator.

An important matter ti at will be explored at the final stage of simulation within WP2
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concerns the visibility ¢f coding artefacts produced by interlaced and progressive codecs.
In other words, whethe the effects of the rougher quantization is more annoying on pro-
gressive pictures than ' he amplification of flicker artefacts on interlaced ones or not.

Tests already have shcwn [22] that the coding of interlaced or progressive sequences
is nearly equivalent wten comparing the SNRs of the decoded sequences. Although a
progressive format contains twice as many pixels as interlaced, it seems that the amount
of information is not tv ice as large but may be seen twice as redundant. A good coding
method eliminates this redundancy. It also has been found that coding progressive se-
quences may improve the subjective quality of the decoded sequence, even if the latter
is displayed in a interliced format [27]. Even if a interlaced scheme is chosen for the
future digital television an intermediate progressive format (inside the codec) may thus
be useful in order to provide a better quality of the displayed sequence (interlaced or
progressive) but also simplify further signal processing (15, 22, 28, 29].

About the doubled clcck-frequency (sampling rate passes from 27 MHz of CCIR601
resolution to the 54 MHz of the corresponding progressive) basically two different ap-
proaches could be envicaged for a possible progressive encoder and decoder chips, taking
into account present solutions adopted for HDTV interlaced encoder and decoder on
advanced project insid: HAMLET. The HAMLET H1440 encoder demonstrator [30]
overcomes problems rilated to the high data-rate (4 times CCIR601, so 108 MHz)
through a sophisticatec parallel architecture based on 4 coding processors working each
on a vertical stripe of he picture at standard TV data-rate; this solution makes pos-
siole the use of alread = experimented ASIC chips designed for SDTV encoding. The
adoption of the same ;trategy could be envisaged for a possible progressive encoder
(picture divided into ¢ stripes instead of 4), and the additional complexity compared
tc an interlaced TV eicoder is quite little. The H1440 decoder [31] on the contrary,
since at the decoder s e less computational power and memory size are needed, has
been projected with an ad-hoc VLSI structure that processes the whole picture data, an
1.0 MHz input data s ream. Although a parallel architecture is internally used when
possible (IDCT, dequa itization, low layer and high layer) there are chipsets running at
54 and even 67,5 MHz so at the limit of VLSI technology. Taking into account these
experimented data, a >rogressive TV decoder could be seen as a downscaling of the
complexity problems t: :re already solved.

7 Display Asrects

Talevision is the most lifficult application of any display technology, requiring the abil-
ity to provide grey scalss, full colour, rapid response speed (below 20 ms), high contrast
(over 50:1) and brightaess (at least 200 cd/m?) with good uniformity (at least 5%),
all at a relatively low cost. Up to now only CRT technology seemed to match these
needed characteristics. but as in camera technology there is a fast growing of researches
and developments in t iis area. New promising systems, which have already conquered
lead positions in parall:l applications (like LCD in portable computer displays and rear
video projectors), now challenge CRT even as TV display. The most promising system
configurations currenti~ in advanced study are Active Matriz LCTYV, Digital Micromir-
ror Device and Plasma Display Panel, which present interesting behaviors for interlaced
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and progressive scanning fo mats.

Active matrix LCD is by 1ow a mature technology [32). The latest tests and com-
parisors show a picture quelity near to CRT, with a considerable reduction in weight
and dimensions. They worl by incorporating in every picture element an active elec-
tronic device, usually a thii film transistor (TFT). However, even if the TFT is the
most critical component of .he system, picture quality depends also on the properties
of the liquid crystal, on the colour filters and upon the way the display is driven. In
fact, although the basic per ormances of these displays can often match that of a good
CRT, when experimenting t 1em with present TV transmission systems (PAL, SECAM,

NTSC) some problems aris
CRT. Apart from the gamn
designed on the brightness-
the more imoportant proble
of one paritv are addressed

temporal respouse of an LC!
b

typical decreasing character
uften be visible when the ot
conseq ience {or stationary t

moving objects. That is wh-

in rear-projectors, see [33]).
fact that the charging-tinie
te< 3pes) is no problemat

Very promising but relativel -

Digital “icromirior Device
of semicenductor rechnolog:y
nolozy, in order to create :
light, each of them being as
are the minimal dimension
large scale (structures of 20
good fastuess in response tr
ulated). DMD projectors
wlhen compared for brightn.
liquid-crystal valves). Unlik
of the phosphor in the CRT

the DMD has no persistence
This makes the DMD well s:

already projected to suppot
is always present.

- because these systems were specifically designed around
‘a pre-correction which is applied at source and specifically
roltage curve of CRT, thus producing distortion on LCD,
1 is the use of interlaced scan. Pixels belonging to lines
‘n every other field, i.e. each 40 ms for PAL. Due to the
' element, more similar to a flat response rather than to the
stic of the beam-target interaction of CRT, these pels can
ier field is presented after 20 ms. This phenomenon has no
'gions but gives unpleasant smearing effects on the edges of
usually an internal proscan conversion is performed (also
n order to drive the lines of each frame sequentially. The
or the pel capacitance driven by the TFT must be reduced
with current technology.

new, so still in a prototype stage, is the technology named
DMD). a spatial light modulator. The DMD is a new kind
{341 that combines electronic, mechanical and optical tech-
- all digital display by the use of micro-mirrors reflecting
ociated witn a picture element. Its peculiar characteristics
»f each image element, which allows high integrability in
8x1152 pels have been realised for HDTV purpose), and a
digital driving signals (usuaily bit-plane data PWM mod-
e two or three times more efficient than LCD technology
ss (increased optical efficiency of the mirrors compared to
: a conventional CRT which works in interlaced (the glow
persists long enough for the interlaced technique to work),
and must display the entire picture every 1/50 of a second.
ited for future progressive displays. Inside the architecture
a DMD for the video available today, a proscan converter

Progressive scanning for Plasma Display Panel (PDP) is strongly desirable, because AC
PDPs 1ave inherent memor v which requires, in interlaced operation, to switch-off the
lines of the opposite field. 't leads to line structure and 50Hz flicker. Moreover, PDP
is an alternative to the LCI  because of its very wide viewing angle, very large display
size (1.5 meter diagonal wit! 2048x2048) and 24 bit color scale, and because AC plasma
displays have a very long lif :time (40 years) [35].




As in the case of the exmples found in literature for LCD, the algorithms employed for
this interlace-to-progressive conversion are usually very simple (field repetitions, spatial
interpolations). Global performances should surely benefit of an high-quality deinter-
lacing block placed upt-ard in the video chain, and even more with progressive input
pictures.

8 Scenarios fo- the Adoption of a Progressive Television
Scheme

This section analyses t!:ree scenarios that might be used for the implementation of the
fusure digital television and discuss their impact on the decision of adopting a progres-
sive television format o not. These scenarios show that this decision basically depends
on the choice of the bioadcasting format. Two of these scenarios also show the pos-
sibility for both interla:ed and progressive technologies to coexist, ensuring backward
compatibility with old interlaced) material during a transient period.

8.1 Scenario 1 : Interlaced Broadcasting Format

For this first scenario, ve assume the adoption of an interlaced broadcasting format for
all television programr es (see figure 9). It represents the worst situation for gradually
switching to a progresiive format. Indeed, in such a context, both studios and end-
ccnsumers have no advantage to move towards a progressive scheme :

e Since television s udios have to deliver their programmes to broadcasters in an
interlaced format it makes no sense to adopt a progressive format for whole studio
chain: the impro ed quality of the progressive format will inevitably be spoiled
at the reinterlace:  However, a progressive format may be used for improving the
quality of some lc cal applications (signal processing, digital chroma-keying, etc.).
This progressive {>rmat will be generated through the use of a deinterlacer, prob-
ably located insid» the application box itself. Nevertheless, adopting a interlaced
broadcasting forr at will force progressive to come down to a marginal format.

INTERLACED Broadcasting

Interlaced Studio Interlaced Television Set

Figure 9: Firs: scenario : Adopting an Interlaced broadcasting format
e It also makes no sense for the consumer to purchase a progressive display. Even

if the use of a prigressive television set may improve the visual quality of the dis-
played images, e onomical considerations will force the marked to offer receivers
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based on low-cost deinterlacers only. The slight quality improvement that will
result will not baiance the increased price and complexity of the progressive sets.
Also, requiring alout the same complexity, 100Hz-interlaced displays offer a much

better improvem: nt compared to the 50Hz-progressive displays, when both have
to deal with a 50 -z-interlaced input.

8.2 Scenario 2 : Progressive Broadcasting Format

As second scenario, w2 will now assume the adoption of a progressive format for the
broadcasting (figure 1't). This choice give rise to new considerations :

e Current scenario allows full progressive transmission, from the very beginning of
the process (imag= capture) to its far end (end-consumer receiving set). Compared
to the first scenar o, this scheme is able to improve visual quality (improved vertical
definition and ab ence of the interlaced artefacts) at every stage of the process.

e Compatibility wit 1 interlaced studio. As intermediate step towards a full progres-
sive scheme, "old " interlaced studio may keep their material and broadcast pro-
grammes by prel minary using a deinterlacer. Besides removing the interlaced
artefacts (but no restoring the vertical definition loss inherent to the interlaced
format as menticned previously for the Kell factor) the deinterlacer is also sup-
posed to improve the digital coding of interlaced sources. This last point will be
studied in the ne t WP2/Scanning Formats deliverables.

T -

Progressive Studio PROGRESSIVE Broadcasting Progressive Television Set

High-Cost Low-Cost
Deinterlact Reinterlacer

Interlaced Studio Interlaced Television Set

Figure 10: Secord scenario : Adopting an progressive broadcasting format
o Compatibility wit: interlaced receiving sets. In order to receive progressive pro-

grammes, owners of interlaced displays will have to purchase a progressive to
interlace converter. This format conversion is very easy to achieve and may be
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implemented as i low-cost settle box. Since progressive digital broadcast is ex-
pected to improve the coding efficiency, owners of interlaced displays will enjoy a
better image quelity compared to the first scenario, even if all interlaced defects
will be generatec at their display. Moreover, since the adoption of a progressive
format goes hanc in hand with the advent of the digital television, owners of an
old analogue interlaced display will inevitably have to purchase a digital decoder.
It’s is foreseeable that this decoder will also offer the required deinterlacer at its

output. So, besiies the digital decoder, no additional format converter will be
needed.

o Since the adoptic1 of a progressive format give rise to higher image quality at every
stage of the telev sion chain, the crossing between the interlaced and the progressive
worlds will come naturally.

e In the first scenario, we noticed that even if the consumers decide to adopt pro-
gressive displays. they would not be satisfied with since economic considerations
will force the end user market to offer low-cost (implying low-quality) deinterlacers
only. In the curre it scenario, the potential deinterlacer is located at the studio side
and gives the opj ortunity to work with complex high-quality format conversions.

8.3 Scenario 3 : fFree Broadcasting Format

As last scenario, we w |l now study the broadcasting of both interlaced and progressive
formats, depending on the signal found at the studio output (see figure 11). This scheme
results from the comt .nation between the two previous scenarios. All considerations
emitted for the seconc scenario remain valid. Since digital television is able to encode
both interlaced and pr gressive formats using the same syntax (see the MPEG2 syntax),
it makes possible the ' wo formats to coexist and be broadcasted together.

e Interlaced studio: are not required to use a deinterlacer at their output anymore.
Interlaced progra nmes may then be received by the old television sets without
format conversio . or by progressive displays through the use of a deinterlacer.
Furthermore, the owners of a progressive display may take advantage of the in-
creased horizonta scanning velocity of their television set, and switch to a 100Hz
flicker-free interla :ed mode, since the poor quality of the low-cost deinterlacing.

e In order to displ v progressive programmes, interlaced television sets will have
to be coupled togather with a reinterlacing settle box. Another (costly) solution
would be the bro. dcasting of both interlaced and progressive versions of the same
programme at th: same time. However, it does not make sense since the adoption
of a progressive fi rmat will probably coincide with the arrival of digital television.
Consumers will h. ve to change their "analogue” television sets or at least purchase
a digital decoder As we already mentioned, nothing prevents this decoder to
include the requii »d progressive to interlaced converter. No format duplex is thus
needed for the br .adcasting anymore.
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8.4 About the Adoption of a 50Hz-progressive Format

The Digital Video Broa lcast group (DVB) defined a set of standards that will be used
to implement digital te evision transmission in Europe. The DVB standards describe
digital television transn ission over cable, satellite and terrestrial. All three standards

are based on a MPEG2 main profile/main level coding (MP@ML). The differences are
on the modulation tech iques.

In the existing MPEG2 hierarchy, a 50Hz-progressive scanning format implies the use
of the expensive MPE( 2 high-1440 level which was designed to work with pixel rate
up to four times higher than the main level. The 50Hz-progressive transmission lies in
between these two level and would ideally need the definition of an intermediate level

at main profile. Such | roposition was forwarded to the DVB and the MPEG Imple-
mentation Guidelines g oup in January 1995.

The 25Hz-progressive fi.rmat can be reached with the main level. However, such for-
mat - probably ideal fir 24 (25) Hz movies - may not be appropriate to cope with
50z-interlaced or prog essive sources as shot by 50Hz-frame rate cameras (see section
2.2). It may require th. use of an high-cost temporal interpolator at the receiver side
or further information « »ming from an assistance channel.

9 Conclusions

As discussed in this del verable, both interlaced and progressive formats have their re-
spective advantages anc drawbacks. Choosing one of them as the definitive solution of
the scanning problem would be utopian, at least when considering today’s state of the
technology. Neverthele s, it must be stated that one day, technological progress will
deiinitively tip the bala ice and make it worthwhile to move to a progressive scanning.

Other things being eq: al, it would objectively represent a poor technical return on
investment to move froi1 the interlaced to the progressive scanning : the improved pic-
ture quality and the er hanced picture processing do not balance all efforts and costs
nezded to change the ov >rall television topology in case of adopting a progressive format.

However, the advent of he future digital television will inevitably bring deep changes in
this topology : consumers will have to change their television sets (or at least, purchase
a digital decoder), broa lcasters and studios to adapt themselves to this new technology.
In such a context, drastic changes will occur in our current television system. These
changes may be seen as a unique opportunity to adopt a progressive scheme, implying
only minor costs comp: red to the overall budget involved in such operation. With the
advent of digital televi ion, the question about the uselessness of interlaced scanning
will raise since digital ‘oding offers many other ways to save bandwidth. From this
analysis it seems that, rostly to achieve an important package of services which will
come together with fut ire television, a format conversion toward progressive is desir-
able. Also, the adopticn of a progressive format while changing the television system
would be a provident : :titude for facing the new requirements which can arise in the
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future (e.g. multimedii and compatibility with the computer world).

For all these reasons, several progressive formats have already been choosen for the
introduction of the ne v digital HD television in the U.S. {36]. In Japan, the launching
a new standard called EDTV-II (Enhanced Digital TeleVision) will also make use of a
progressive format (460x720, 59.94 Hz) [37]. In a European context, the adoption of a
progressive scanning fc rmat will have to cope with the decision of the DVB group, which
expressed itself in favo ir of the MP@ML MPEG2 coding scheme. Just as it is, MP@ML
does not allow the cod ng of 50Hz-progressive sequences. However, this limitation only
comes from the definit on of the MP@ML itself which was decided to restrict the pizel
rate below the one nee.led by a 50Hz-progressive format. On a practical/technical point
ol view, this problem s meaningless since the 50Hz-progressive format may be coded
using the same bit ra .e as interlaced at same or improved visual quality. In other
words, it would have .een more judicious defiring the MP@ML to include the 50Hz-
progressive format. C1 the contrary, the 50Hz-progressive format has been classified
with other high-cost {irmats that require a more complex high-1440 level-compliant
decoder (MP@H-14). \s proposed by the RACE Image Communication Project Line,

this syntax problem m: y be solved by defining an intermediate MPEG?2 level compatible
with the 50Hz-progres ive format.
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ABSTRACT

Frogressive format provides higher quality picture, avoiding the artefacts typical of
interlaced signals and facilitates the picture processing and the multilevel coding
approach. On the other hand, progressive scanned pictures present twice the number of
samples of the interlaced ones, but their vertical and temporal correlations are higher if
the progressive pictures have: the same vertical resolution of the interlaced pictures.

The paper compares the coding efficiency between interlaced and progressive pictures,
and reports the results of computer simulations performed at different bit-rates, using a
hybrid DCT coding scheme. The progressive and interlaced signals have been suitably
p-ocessec in order to produce the same vertical resolution for the static pictures. The
results indicate that the coding efficiency is higher for the progressive pictures than for the
irterlaced ones. Based on preliminary results, the paper indicates that also de-interlaced
s3quences can present coding efficiency higher than interlaced pictures. If confirmed by
further results, it is possible, in an interim period, to produce and process interlaced TV
sgnals in the video studios and then to convert them to encode and broadcast
p-ogressive TV signals. -

The paper does not consider the influence of noise, added to the pictures by the TV
camera, on the coding efficiency. In fact, the SNR ratio of the TV camera is a function of
its bandwidth, and the progressive camera has twice the bandwidth of the interlaced one.

1 INTRODUCTION

i the past, when the analogue television was designed, the choice of an interlaced
s:anning format has been very effective. In fact, the temporal and static vertical
resolutions were the same of a progressive scanned video signal, but the involved
bandwidth was halved. The artefacts of the interlaced format, i.e. line-twitter and line-
cawling, were masked by the technology of the displays and cameras. Thus, an
ir terlaced format provided about the same picture quality of a progressive format, but
required cheaper video equipment, i.e. TV camera, display, mixer, recorders, etc., and
narrower transmission channals.

Today, the higher technology level of the displays highlights the artefacts of the interlaced
formats, hence a progressive format will avoid such artefacts improving the picture quality.
its adoption will facilitate the picture processing as filtering, down and up-conversion,
s.andard conversion, moticn estimation, and slow-motion. It could be particularly



beneficial for the receiver because it would simplify spatial and temporal up-conversions,
providing a higher quality of the converted pictures, and would favour the interoperability
vith the world of computers Multilevel approaches considered for terrestrial and satellite
trroadcasting, to provide the viewer with different levels of resolution, are facilitated and
i nproved using progressive formats.

Moreover. the digital encoding and transmission of the video signal are not related to the
signal bandwidth, but to the bit-rate of the coded signal. Hence, the coding efficiency of
rrogressive and interlaced s:anned video signal must be considered.

z. SOURCE SIGNAL
2.1 Progressive and interlaced formats

F rogressive scanning is the most direct approach to represent a two-dimensional images
and is normally used in computer applications. CCIR Rec. 709 indicates some parameters
for the HDTV signal and points out that the objective for the system is defined to be
progressive scanning format

In the digital domain, interlacing or line-quincunx subsampling introduces a reduction
factor of two on the sampling rate. The interlacing maintains the vertical resolution in
s atic pictures, but introduces the above mentioned artefacts. The line-quincunx causes a
reduction of the diagonal re:solution, generally less perceptible, on static and moving
p ctures.

S'milar reduction factor of :he final information can be achieved by applying digital
compression techniques to the progressive pictures, exploiting the spatial redundancy. A
better overall performance can be expected. For example, in the case of video recording a
progressive format could prcvide better performance in slow motion and still picture at
e;penses of an increased complexity; in studio and at the user's home, high quality
standard conversions and spatial and temporal up-conversions could be provided with
lower complexity.

A severe limitation in the performance of tube and CCD cameras is the greater drawback
in adopting the progressive formats. In fact a reduction of 9 dB of the S/N ratio occurs in
the case of tube cameras, and 6 dB loss in sensitivity occurs in the case of CCD cameras.
This penalty is principally important for the HDTV camera whose performance in terms of
SN ratio, for the tube cameras, and sensitivity, for the CCD cameras, are presently not so
hijh as conventional TV cameras [1]. The increased noise on progressive pictures could
reduce the performance of an HDTV coding system, but, likely, does not affect perceptibly
th= performance of a TV coding system.

2.2 Considerations on the camera response

The electric charge on the target of a tube camera is a function of light intensity and of
th-2 exposition time. On the other hand, the exposition time limits the temporal resolution
of the camera, hence it must be limited [2].

Tre scanning beam interrogates the target, and, in order to provide a high temporal
re solution, discharges the entire target at each field. To this end, the scanning beam must
cover all the surface of the target with overlapping. The vertical extension of the scanning
beam must be at least equal to the distance between two lines scanned in the same field
ard limits the vertical resolution of the camera. ldeally, ignoring the beam modification
effects such as beam self-sharpening, the beam spot can be considered circular with a
Gaussian profile of the beam «current density. Its modulation transfer function, MTF, will be
a symmetrical Gaussian curve in both the vertical and horizontal directions [1].



The distance between lines of each field in an HDTV camera is half that of a conventional
TV camera, then the vertical beam spot aperture can be halved maintaining the same
temporal resolution of the TV camera. A progressive TV camera has the same number of
line per frame of an interlaced TV camera, but a double number of lines per field.
Therefore, the distance between lines in the field is half that of a TV interlaced camera
and the beam spot can be made finer, increasing the vertical resolution. The spatial and
frequency characteristics for the HDTV interlaced camera (HDTV-!), and the conventional
definition TV interlaced (CDTV-I) and progressive (CDTV-P) cameras are depicted in
Figure 1. The trade-off between increased vertical resolution and vertical aliasing must be
accurately considered and aptimised, mainly in the case of the progressive camera.
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2.3 Implications for the studios and the receivers

The progressive scanning formats have the mentioned merits of processability and
interoperability with the computer graphics and film production and the demerit of a lower
SN ratio caused by the TV camera. Further drawbacks are the implications of progressive
formats in the video studic: environment. In fact, all the studio equipment presently
ceveloped is based on interlaced formats, therefore the implications in terms of
standardisation efforts and investments to design and develop equipment suitable to
cperate with progressive signals are not negligible.

(On the other hand, it is likely that significant investments are necessary also to modify the
present TV studios, equipped for the present composite signals (PAL, NTSC, SECAM) to
operate in digital component TV and HDTV.

The prograssive TV and HD "V signals have a sample rate double of the interlaced ones.
The cost of a digital video studio is related also to the sample rate of the TV signal;
hance, the cost of a progressive TV studio might be higher than the cost of an interlaced
TV studio. However, studies and tests carried out at the RAl - Research Centre showed
that the enhancement of resolution inherent to the interlaced HDTV with respect to the
ir terlaced TV defined by CCIR Rec. 601 (EDTV), is hardly appreciated with screen size
lcwer than 45" [3]. Informal evaluations indicate that a progressive EDTV further reduces
tre subjective advantage of an interlaced HDTV. Therefore, progressive EDTV could
re present an appealing choice in the near future to promote a high quality digital video
service and to limit the investments required for video studios; a progressive EDTV studio



likely requires less investments than an interlaced HDTV studio. The progressive HDTV
format, indicated in CCIR Rec. 709, could be the natural and compatible choice, in the
longer term.

Different classes of receiver and displays can be envisaged, if a high quality progressive
signal is available. The receiver could display the progressive signal exploiting its quality
features or it could obtain an interlaced signal simply omitting one video line each two and
display it on a cheaper dispiay.

3. PROGRESSIVE VS. INTERLACED COMPARISON
3.1 Coding scheme

Hybrid DCT algorithm withcut rate control, and with Intra-field, motion compensated inter-
field anc motion compensated inter-frame, coding modes was adopted on interlaced
dictures; intra-frame and motion compensated inter-frame coding modes was used on
orogressive pictures. The mrotion vectors are evaluated using a block-matching technique
vith half pel and half line accuracy.

The DCT coefficients have >een quantised using a quasi-linear quantiser and the bit-rate
1as been considered equal to the entropy of the DCT quantised coefficients. This
wonsiders an ideal VLC; the implemented VLC's have a coding efficiency, indicated as
entropy/bit-rate ratio, lower than, but quite closed to 1. Coding distortion has been
imeasured by non-weighted Spp/Nrms ratio expressed in dB, where Nrms indicates the
100t mean square value of tne differences between the decoded pictures and the original
ones and Spp is equal to the nominal signal range. The coding noise bandwidth is equal
o the signal bandwidth, hence, it is twice for the progressive signal compared to the
interlaced signal. Entropy and coding distortion refer only to the luminance component of
the picture.

\When specified, the weighting matrix defined by CCIR Rec. 723 was used on interlaced
pictures; a similar weighting, modified taking into account the doubling of the vertical
f-equency, was adopted on prrogressive pictures.

1.2 Test sequences

Three progressive sequences have been considered: "Renata", shot at the RAI-Research
(‘entre, "Street Dance”, and "Flags Waving" kindly provided by NTL-UK. The pictures
viere shot by a camera designed for interlaced HDTV pictures (1250/50/2:1). Such a
camera can also operate without interlacing and shoots progressive TV pictures
(:325/50/1:1).

1 J‘\

‘"‘(‘;“;‘f‘ Fig. 2 - Frequency characteristics of a
1 vertical digital 3 taps FIR filter whose
-5 1 coefficients are: 0.125, 0.75, 0.125.
5 4
-7 + + -+ R + — + + —
[+ 0.08 0.1 0.1% 0.2 £ -] 03 0.35 04 0.45 o5
Normalizind Frequency

The MTF characteristics of tne used camera provide a vertical resolution higher than that
available with a TV interlaced camera, as indicated in Figure 1. Hence, the interlaced



pictures were obtained from the progressive ones operating a vertical sub-sampling
preceded by a vertical FIR filter approaching the MTF of a DTV interlaced camera, see
Figure 2. The same filter has also been used to produce progressive sequences with a
vertical resolution equal to ‘he vertical static resolution of the interlaced pictures.

3.3 Trade-off between resolution and entropy

Figure 3 reports the characteristics Spp/Nrms ratio versus entropy of the luminance
component of progressive and vertically filtered progressive sequences. The sequences
nave been coded using the hybrid-DCT coding scheme without weighting matrix. The
iltering process produces a high increase of the coding efficiency, strong reduction of the
antropy at the same coding distortion level, but decreases the vertical resolution of the
dicture. The bit-rate required by the vertically filtered progressive pictures, ranges from
50% to about 70%, depending on the picture. The ratio between the required bit-rates
seems almost independent of the bit-rate value.

luminance samples are considered.
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The bit-rate can be also reduced decreasing the number of samples of the picture, i.e.
coding interlaced sequences. Such sequences would present the same vertical resolution
cf the vertically filtered progressive pictures, but the interlaced format provides lower
picture quality and requires higher filter complexity for up and down-conversion, as
illustrated in the previous items. Moreover, multiresolution systems as subband and
fyramidal coding schemes present advantages in terms of complexity and quality at all
the resolution levels if the progressive domain instead of the interlaced domain is
zdopted.

3.4 RESULTS
3.4.1 Intra-field Coding

The codirg efficiency of a pure intra-field system coding interlaced or vertically filtered
progressive sequences is discussed. Only the luminance component has been reported.
The progressive filtered sequences present a higher vertical and temporal correlation, but
a pure intra-field system exploits only the vertical one [4].

The curves of signal/coding distortion ratio versus entropy are reported in Figure 4 for the
sa2quences "Flags Waving" and "Renata", respectively. They refer to the coding of
interlaced and vertically filtered progressive pictures. The progressive picture entropy has
been repcrted in the figures multiplied by two to take into account the double number of



samples. The signal/codin noise ratio is computed evaluating the coding noise in the
signal bandwidth.
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Figure 4 indicates that, using a pure intra-field coding system which doesn't exploit the
temporal correlation, the vertically filtered progressive pictures require more bit-rate than
the interlaced pictures. The progressive/interlace bit-rate ratio varies from about 1.5 at
high bit-rate (more than 1 bit/pel for the interlaced picture) to about 1.3 (less than 0.5
bit/pel for the interlaced piciure).

3.4.2 Hybrid Coding

The curves of signal/coding distortion ratio versus entropy are reported in Figure 5
without weighting matrix [4] and in Figure 6 with weighting matrix. The curves refer to the
coding of interlaced and vertically filtered progressive pictures. As mentioned above, the
antropy of the progressive picture has been reported in the figures multiplied by two to
-ake into account the doubles number of samples of the progressive format. The signal to
coding noise ratio is compured evaluating the coding noise in the picture bandwidth.

Fig. 5 - SNR [db] versus entropy [bit/pel].
Coding efficiency comparison between
vertically filtered  progressive and
interfaced sequences; only luminance
samples are considered. Hybrid-DCT
coding scheme, without visibility weighting
matrix. The entropy values of progressive
sequences are multiplied by two.
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‘Nithout weighting matrix, Figures 5 indicate that the bit-rate required by the vertically
‘iltered progressive pictures. is about equal to that necessary for the interlaced picture
‘when the low bit-rate, less than 0.6 to 0.4 bit/pel, is adopted for the luminance component,



depending on the picture. At higher bit-rates, the vertically filtered progressive pictures
require rnore bit-rate than the interlaced pictures, about 1.2 to 1.3 times at 1 bit/pel for the
luminance component.

The adoption of the weighting matrix does not modify the results indicated above, see
Figure 6.
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3.4.3 Result analysis

rogressive pictures have higher vertical and temporal correlation than the interlaced
pictures, but present twice the number of samples of the interlaced ones. Exploiting only
the increased vertical correlation, intra-field DCT, it is not possible to compensate
completely the increased number of samples, so the progressive picture will require more
hit-rate than the interlaced cnes.

On the contrary, a whole compensation is obtained if the increased temporal correlation
is also exploited, hybrid DCT. At low bit-rates, the progressive and interlaged pictures
tequire adout the same bit-rate. At high bit-rates, greater than 1 bit/pel for the interlaced
picture, the progressive picture requires about 20% or 30% more bit-rate than the
interlaced one.

"he signal to noise ratio has been evaluated computing the coding noise on the picture
bandwidth which is double for the progressive picture. Hence, if the interlaced coded
picture is displayed on a progressive display via up-conversion, the coding noise of the
up-converted picture is concentrated on the low frequencies and then subjectively more
visible than the one of the progressive coded picture with the same coding noise. The
(lown anc up-conversion of the progressive coded signal at the receiver side will have the
same resolution of the coded interlaced picture, but a gain of 3 dB in SNR. Moreover, if
tne progressive coded picture is displayed on an interlaced display, a pre-filter can reduce
tne noise with a gain of 3dB in SNR.

On the other hand, progressive scanning camera and interlaced scanning camera have
cifferent noise characteristics. Usually, progressive scanning sequences have less S/N
ratio than the interlaced sequences and this could reduce the performance of the coding
system, mainly in the case «f HDTV pictures.

<l DE-INTERLACED VS. INTERLACED COMPARISON

Preliminary results indicate: that de-interlaced pictures can present higher coding
efficiency than interlaced pictures, as the progressive ones, if an improved coding scheme



